I. INTRODUCTION
IN RECENT YEARS, human activities have been recognized as a major force shaping the biosphere. The early insights of some prescient scholars are now common understanding, especially those of George Perkins Marsh in the mid-nineteenth century who documented the pervasive nature of land modification by human activity. (1) Human actions rather than natural forces are the source of most contemporary changes in the state and flows of the biosphere. Understanding these actions and the social forces that drive them is crucial to understanding, modelling and predicting local, regional as well as global environmental change and also for managing and responding to such change.
Land transformation is one of the most important fields of human induced environmental transformation, with an extensive history dating back to antiquity. (2) Since neolithic times, the modification of the earth by human action mainly involved impacts on the soil and biotic resources. Land transformation did not abate but, rather, accelerated and diversified with the onset of the Industrial Revolution, the globalization of the world economy and the expansion of population and technological capacity. Forests were cleared, grasslands plowed or grazed, wetlands drained and crop lands and settlements expanded, yet never so rapidly as in the last few years. Almost all of the world's lands are now used and managed, albeit in widely varying degrees of intensity. (3) Land transformations, although localized, contribute to wider-reaching, including globally systemic, processes.
Global demand for the products of the land is likely to continue growing in the foreseeable future. Maintaining the capacity of the land to sustain that demand will remain of fundamental importance. The level of concern elicited by current trends reflects the possibility that much land transformation in some sense constitutes land degradation. (4) Changes in the land have often been seen as improvements by some or all land users. Alteration is nearly inseparable from human occupation and use, and the goal is to encourage improvement and to counter forces that encourage degradation. To assess what effect a particular land transformation and its consequences will have involves difficult issues of forecasting (future resource demands and opportunities as affected by technical and socioeconomic change) and evaluation (distribution and the rights of future generations). However, we now possess a better scientific knowledge of the physical extent, character and consequences of land transformation which serves as the foundation for any such assessment. (5) Settlement refers to the occupation of land for human living space. (6) As land cover, settlement represents the most profound human alteration of the natural environment through the imposition of structures, buildings, paved surfaces and compacted bare soils on the ground surface. Until quite recently, nearly everyone lived in rural areas. In 1800, only 3 per cent of the world's population lived in urban centres of 5,000 or more and many of these behaved like large villages in their socio-economic activities. (7) By 1900, 14 per cent of the world's population was living in urban centres and this proportion increased rapidly after 1950 to reach close to 50 per cent today. (8) While the percentage of people in urban areas has been growing, the size and number of urban settlements is also increasing rapidly.
Urban settlements cover a relatively small part of the earth's surface. One estimate suggested that urban areas cover only 1 per cent of the total land surface. (9) Globally, it has been forecast that 24 million hectares of crop land will be transformed to urban use by the year 2000. This is only about 2 per cent of the world's total crop land but it provides the equivalent present-day food supply for some 84 million people. (10) The loss of agricultural land to urbanization is most severe in low and middle-income nations. One estimate suggested that by 2000, more than 476,000 hectares of land a year will be built up in low and middle-income nations. (11) Some specialists have expressed considerable concern about the loss of agricultural land to urban development while others complain that planning controls restrict the supply of land for new urban developments. The situation varies greatly from one country to another and, in general, the expansion of settlements over agricultural land is better managed in highincome nations. (12) The loss of agricultural land to human settlements is far more serious in India; about 1.5 million hectares of land (mostly agricultural) went to urban growth between 1955-1985 and a further 800,000 hectares were expected to be transformed between 1985 and 2000. (13) With rapid urbanization and the extension of urban areas, combined with continuing population growth, (14) both agricultural and social scientists have long expressed a concern as to whether India will be able to feed its population.
Notwithstanding its large urban population, most of India's population lives in villages with fewer than 5,000 inhabitants. Agriculture still employs around two-thirds of the labour force even though the agricultural sector only contributes 27 per cent of the nation's gross domestic product. (15) Throughout the 1980s and 1990s, value added in industry and services grew twice as fast as value added in agriculture. (16) Until the 1960s, agricultural growth in India stood at about 3.2 per cent, marked mainly by an expansion in the area under cultivation. In the 1970s, a growth rate of about 2.2 per cent was due mainly to increases in yields. From 1980 From -81 to 1993 , a further acceleration in the growth rate to around 3.4 per cent was achieved mainly through further yield increases. But in last five years, this growth has not been smooth because increases in yield have peaked. Overall, the situation is worrying given the great population pressure on land, with an average agricultural landholding of only 1.57 hectares (and reducing rapidly), most which is still rainfed. (17) In 1998, the food grain demand in the country was 193 million tonnes, which was barely achieved due to favourable monsoons. By the year 2015, the demand will be around 350 million tonnes. To meet such food requirements, production needs to increase at a rate of 3 per cent per annum; but in the last five years, the growth rate in food grain production was only 1.6 per cent. (18) Achieving these targets is even more challenging since agricultural scientists have already suggested a decline in crop yields, and there is not much scope for further expansion in the agricultural area. This research topic was chosen with these circumstances in mind and Saharanpur, a Class I city in western Uttar Pradesh (India), was chosen as the study area.
II. THE STUDY AREA
THE STUDY AREA is situated in the western part of Uttar Pradesh in the fertile tract of Upper Ganga-Yamuna doab. Saharanpur is the district headquarters and second largest city in Meerut division and is well-connected by several state road highways to the important cities. The city acts as the service centre for nearby towns and hill districts and, significantly, traditionally had an agrarian dominated population. Lately, however, because of the emergence of several industries, the city has lost its agrarian fabric and growing numbers of its labour force work in the secondary and tertiary sectors. The city is also expanding onto nearby fertile agricultural land. The development of industry and services is providing better job opportunities and attracting migrants not only from the city's hinterland but also from further away. Two perennial rivers, the Dhamaula and the Pandhoi, pass through the city and join just outside it. This river follows the general gradient of the region, flowing in a north-south direction, and there are several canals which also pass through the study area, highlighting the city's agrarian character. The present city is divided into two by the railway line, the northern part being the older area while the southern part is newer, and it is here that most of the institutional and industrial development has taken place.
In 1991, the city had 377,904 inhabitants and a density of 239 persons per hectare. Projections by the Town and Country Planning Department suggest that it will have some 600,000 inhabitants by the year 2001 and there will be a need for another 64,000 houses to add to the existing 60,575. Thus, the city is bound to expand quite extensively onto the fertile agricultural land surrounding it.
III. DATA AND METHODOLOGY
THIS STUDY IS based on remotely sensed data (aerial photographs and satellite images) combined with extensive field checks and surveys. The advantages of remotely sensed data are many. Because urban areas are dynamic and complex in nature, conventional methods of data collection are unable to cope with the many changes that take place over very short time periods. Collecting and processing the data can also take a long time and there was an urgent need for a better data source. Remote sensing is a strong tool for urban studies and both aerial photography and satellite imagery are appropriate for the evaluation of rapid growth in urbanization; this is because urbanization is generally concentrated within a small area and data is of a high resolution. Sometimes, aerial photographs can be uneconomical and difficult to obtain, so quick updating and monitoring becomes difficult. Thus, satellite imagery is often the better option: in this study, IRS-1C with 5.8 metres resolution was used.
The study is spread over a ten-year time span . The urban land use and transformation mapping of Saharanpur and its surrounds was done with the help of aerial photographs on a 1:10,000 scale, acquired in 1988, and IRS-1C geo-coded panchromatic satellite analogue imagery (19) on a 1:12,500 scale, acquired in 1998. The minimum delineation unit for both maps was 0.5cm x 0.5cm, so aerial photographs of ground land parcels measuring 2.0 metres x 2.0 metres and satellite image land parcels of 2.5 metres x 2.5 metres were included in the study. The aerial photographs and satellite images were first visually interpreted with the help of separate interpretation keys to identify various land use classes. Some of these could not be distinguished by visual interpretation of the satellite images, particularly the differentiation between residential and commercial land use, and so were identified during the field checks and subsequently demarcated. Details of these final maps were then transferred onto a base map, bringing all the maps to scale, and these were then digitized for analysis.
The study was done in a GIS environment because the use of GIS techniques coupled with remote sensing are essential elements for the preparation of an integrated development plan. Together, they can provide the means for the rapid production of accurate and up to date data bases for planners at all levels. The inherent flexibility of GIS techniques can make an important contribution towards improving the speed and qualitative performance of urban and regional planning. They allow quite complex quantitative and spatial relationships to be made and displayed in graphical form and they improve the clarity of the planning and decisionmaking process. This technique is a powerful tool, useful not only for monitoring the current growth and development of a region but also as a basis for the construction and application of models to meet the specific development objectives for a particular situation. This work was carried out using ILWIS software. (20) IV. DISCUSSION SAHARANPUR'S DEVELOPMENT WAS due to its agrarian role. It lies on fertile land between two major Indian rivers, the Ganga and the Yamuna. It had a well-developed market for agricultural products and was a service centre for nearby towns and hilly regions of Uttar Pradesh. In the last few years, as new industries have developed, the city and its surroundings have undergone radical changes, including the expansion of its built-up area and a transformation in its population's occupational structure.
a. Urban Land Use in Saharanpur
Saharanpur is named after a Sufi saint, Shah Harun Chisti. The city was ruled by the Mughals but it developed only under the British who, in 1903, made it a district headquarters. In 1926, when the city received an electricity supply, its economic development was boosted and it began to develop rapidly. After Independence in 1947, many refugees settled here.
The municipal area covers only some 4,030 hectares but, because of its objectives, the study deals with an area of 7,745 hectares. This includes all the urban expansion that has taken place in different parts of the city during the study period. As shown in Table 2 and Figure 1 , it is clear that land use in Saharanpur is not well planned. Over time, the older part of the city has became increasingly congested while the city has expanded outwards haphazardly covering agricultural land on the fringe area. Urban land use is dominated by residential areas, which occupy more than 23 per cent of the study area (and 42 per cent of the municipal area). Most of this residential area is unplanned; only 2.2 per cent is planned with open spaces and with relatively good basic infrastructure. Vacant land covers 12.2 per cent of the land area, which is linked to the rapid economic transformation and emergence of secondary and tertiary activities. The main reason for this increase in vacant land is that, initially, when industrialization took place, there was a shortage of land for construction. This demand caused an increase in land values, and landowners who had previously used their land for agriculture now offered it for construction, causing a large conversion of agricultural land into vacant land. The demand subsided, resulting in an increase in vacant land which is used neither for urban development nor for agriculture.
The area under plantation (tree crops) covers 6 per cent of the study area. One reason for this is rich people protecting their land (in the city area) from encroachment (21) by planting trees whilst they wait for increases in land values. Another reason is that plantation crops are quite remu- nerative and the city provides an assured market; these factors helped increase the area under plantation. It is also favoured over crop cultivation in and around the city region because less care and protection are necessary. Industry covers 123 hectares of land in the city, representing quite a high proportion by traditional Indian standards, and the commercial area of the city occupies 125 hectares. This is mainly in the central part of the city and along the major roads. Interestingly, the area used for recreational purposes, utilities and services (categorized as "other") is almost negligible in the study area, which indicates that little attention is paid to these facilities despite the significant increase in population. The city also has 5.2 per cent of land under "remount depot" (restricted area) which is used for defence purposes.
The various land use classes in the study area recorded increases during the study period. Table 2 shows a substantial increase in vacant land (210 per cent) followed by the commercial area (184 per cent), unplanned residential area (88 per cent) and planned residential area (45 per cent). All these increases were at the cost of the agricultural area which was reduced by 34 per cent. The salient characteristics, which emerge by comparing the two maps in Figure 1 , are outlined below.
Saharanpur has recorded a significant increase in the built-up area mainly due to population growth and development in the secondary and tertiary sectors. But this expansion has been haphazard and unplanned, and even the most recent residential colonies are unplanned. This has contributed to severe road traffic congestion and overflowing drains. Significantly, despite the growth in population and the increase in the built-up area, there has been little change in utilities and services in the city. It is evident from Figure 1 that the city is expanding mainly to the Dehradun road, ribbon-like urban development is taking place. This is marked by small industrial units and, in-between the built-up areas, vacant land has developed. In the central part of the city, along the main roads, there has been a significant increase in the commercial area due to the conversion of unplanned residential areas into markets. Despite significant increases in the commercial and industrial land use classes, these still occupy only 1.6 and 1.7 per cent, respectively, of the total study area.
The expansion of the residential area of almost 75 per cent between 1988 and 1998 was noted above. Another feature of urban land use distribution in Saharanpur is the 12.2 per cent land area lying vacant for future urban construction. At present, this land is used neither for urban development nor for agricultural purposes as the landowners await increases in land values.
b. Land Transformation in Saharanpur
Land is in a continuous state of transformation as result of various natural and human-made processes. The study of land transformation requires a comprehensive understanding and monitoring of all the factors which cause it.
During the study period, Saharanpur not only expanded in size but there was also a significant interchange of land between land use classes. Table 3 , which was prepared using GIS techniques, shows which kinds of land use changes were responsible for land transformation. is mostly away from the city centre. q The plantation area increased from 395 hectares to 459 hectares, capturing land from agriculture (123 hectares) and vacant land (25 hectares) despite losing land to residential development (79 hectares). q Vacant land recorded a massive increase, from 306 hectares in 1988 to 948 hectares in 1998, gaining land from agriculture (968 hectares) while losing some mainly to residential development (278 hectares). During the study period, all city expansion was on agricultural land alone, the latter area decreasing from 5,178 hectares to 3,495 hectares, resulting in heavy losses of fertile agricultural land. This land transformation in Saharanpur is clearly the result of urban land market operations, the most important and relevant of which for the present study is land values. Demand and supply factors in the land market interact in ways that determine land values which, in turn, have an important bearing on the way in which land is used or allocated to various users. Since land as it is used in cities is a highly differentiated product, if only because of differences in site accessibility, what is important is the configuration of land values. On the basis of land transformations recorded in Saharanpur, a generalized model shows the influence of land value and distance on existing land use and land transformation (see Figure 3) .
If we assume that the residential, commercial and vacant land use categories are bidding for land, usually those who have the ability and willingness to pay would get the site closest to the centre. They would, by their market activity, also generate a configuration of land values that decline with distance from the city centre. Figure 3 depicts bid value curves. Figure 3 suggests that land transformation in Saharanpur is basically the outcome of competitive bidding between various land use classes, generating rings of land use with the commercial class capturing the areas closest to the city centre and vacant land being the farthest out. For sites close in, land values fall within a range defined by the land value bids of users in active competition for those sites. For example, the commercial class would capture the sites from the central business district to "t", the residential class from "t" to "t*" and vacant land from "t*" onwards, away from the city. Importantly, in theory the commercial class should pay land values equal to those the residential class is willing to pay, as denoted by "hB", and should not pay anything in excess of the land values shown by the relevant portion of its bid land value curve, denoted by "AB". Sites that fall between "t" and "t*" command land values no greater than those which the residential class would pay ("BD") and no less than those shown by "BCD", the land values the commercial and vacant land classes should pay. For sites beyond "t*", the maximum value is "DF", the value the vacant land class would pay, and the minimum price is shown as "DEF". No matter where actual land values fall within these ranges, one thing is clear, that land values between "CBD" and "t" are highest followed by land values between "t" and "t*" and beyond "t*". The curve "ABDF" (land value gradient) has a negative slope, denoting a negative relationship between land value and distance from the city centre. This generalized and simplified notion is a logical consequence of the economic behaviour of various land use classes as they deal with the "frictions" of distance in the city. But all this is disturbed and may become irrelevant when social factors such as religion and ethnic traditions are taken into account. There was a tremendous increase in the urban area between 1988 and 1998 (of 84 per cent) while a total of 1,683 hectares of fertile agricultural land were lost due to the city's expansion. Table 3 and Figures 2 and 4 show land transformation from three main land use classes, namely, agriculture, vacant land and plantation. Table 3 , which was prepared using GIS techniques, shows that, of the 1,683 hectares of fertile agricultural land that was lost, 1,091 hectares are recoverable (land where no permanent construction has taken place, i.e. land transformation to plantation or vacant) and 592 hectares are not recoverable (land where permanent construction has taken place, i.e. land trans- formation to residential, commercial, industrial, etc.) (22) Vacant land suffered a total loss of 327 hectares, of which only 25 hectares are recoverable, and plantations suffered a total loss of 82 hectares none of which is recoverable. This indicates the rapid loss of fertile agricultural land, much of which is non-recoverable because some permanent construction has been undertaken. Significantly, the land where no permanent construction has taken place, i.e. that which is under plantation or is lying vacant, can be recovered but it will not be an easy task to restore this land back to agricultural use. Tables 4 and 5 show losses of total agricultural land and food grain production. The total estimated loss of food grain production due to urban expansion in the study area from 1988-98 was about 50,490 quintals (average annual food grain production in the study area is more than 30 quintals per hectare). Saharanpur is expanding by about 168 hectares annually. This implies that every year the loss of food grain production will increase by 5,050 quintals. If the projection that Saharanpur will have around 1.2 million inhabitants by 2015 is realized and if the city continues to grow at the same rate, a further 10,000 hectares of fertile agricultural land will be converted to non-agricultural uses. Furthermore, around 30,000 quintals of food grain annually would be lost from the study area alone. These figures clearly point to the magnitude of the problem.
d. Land Capability Classification
This study also sought to estimate the real loss of agricultural land and the resultant loss of food grain production on the basis of land capability. This land capability classification was undertaken on land which had been under agricultural use but which, due to urban influences, was brought into non-agricultural use during the study period. Land capability classification is a scientific appraisal of the physical characteristics of land, its inherent soil qualities and the farm management practices (for example, land irrigation capacity and agricultural productivity). (23) On the basis of these characteristics, a "potential production unit" (PPU) as a standard unit for land classification was developed. A PPU is defined as the potential production from one hectare of good average farmland under good farm management practices. (24) The application of PPU techniques for land classification helps in assessing the real loss of agricultural land due to urban influences and the resultant transformation to other uses. The real loss can be estimated by multiplying the PPU factor by the agricultural land loss of the different land capability classes. The suggestion is that real loss would be double that of actual agricultural land loss if Class I land is used, whilst real loss would be only half this if Class III land is used. Table 6 shows how the study area has lost 527 hectares in the Class I land capability category, 940 hectares in the Class II category and 216 hectares in Class III. Using the PPU application, the estimated real loss of agricultural land is therefore 2,102 hectares. Class I category land was mostly lost in the northern part of the study area, along Chilkana and Chakrata roads, where agricultural land has been converted into plantations and vacant and residential areas. More Class I category land in the south eastern area near the Dhamaula river has also been converted into plantations and vacant land. Of the total loss of agricultural land, most was in the Class II category (940 hectares), most of which has been converted into residential and vacant land; this was spread over the south- western part of study area, mainly near Delhi road and along the municipal boundary between Delhi road and Ambala road. Class III category land was mostly converted for industrial, vacant and residential development along Star Paper Mill road and Ambala road.
V. CONCLUSIONS
REMOTELY SENSED DATA such as aerial photographs and IRS-1C/1D pan images cover large areas and give an overall view, which are very useful in urban studies. Aerial photographs have better resolution but they are not easily available, so for urban studies, which are dynamic in nature, we have to rely more on satellite images. Images can also be used as a working base map and for updating urban information, and are also very useful for broad land use classification, such as identifying built-up area densities, and in urban expansion studies. However, compared to aerial photographs, satellite data products do not provide more detailed information, particularly for urban studies, although this problem can be overcome through extensive field checks. The GIS techniques, along with remotely sensed data, can provide some relevant results.
Some of the main findings of the present study are as follows: q There has been rapid conversion of agricultural areas to non-agricultural uses. q The built-up area has increased in all directions but this is more pronounced to the west of the city than to the east, where the restricted area has blocked development. q The study area has recorded a significant increase in residential area to accommodate the city's rapidly growing population but this increase has been more pronounced in unplanned residential areas than in planned residential areas. q There has been a very large increase in residential area but not much change has taken place regarding the expansion of utilities, services and recreational facilities. This indicates haphazard expansion, without much planning. q There has been an increase in the area under plantation (tree crops). q The amount of vacant land in and around Saharanpur has increased substantially, largely as a result of the increasing demand for land for non-agricultural uses and landowners' anticipation of increased land values as urban development expands. q The urban expansion of the city (both built-up and non-built-up) has destroyed fertile agricultural land which cannot be recovered, and the study area is losing agrarian characteristics. Canals and their tributaries which used to flow through agricultural fields are now encroached upon and are used for the disposal of garbage and wastes. q The study area has lost some 1,683 hectares of fertile agricultural land between 1988 and 1998, of which 1,091 hectares are recoverable (land where no permanent construction has taken place, i.e. land transformation to plantation or vacant) and 592 hectares are not (land where permanent construction has been undertaken, for instance, for industry, commerce or residential areas). q The total estimated loss of food grain production due to urban expansion in the study area was about 50,490 quintals between 1988 and 1998. The city is expanding by about 168 hectares annually, and future projections suggest that this will continue or even increase.
q On the basis of land capability classification, of the 1,683 hectares lost between 1988 and 1998, 527 hectares were in Class I, 940 hectares in Class II and 216 hectares in Class III. The estimated real loss of agricultural land is 2,102 hectares, calculated using the potential production unit (PPU) assessment technique. Finally, although urban expansion cannot be stopped, with proper management and planning it can be restricted and directed in a desirable and sustainable way, protecting fertile agricultural lands. There needs to be a stricter implementation of agricultural land conversion laws and greater encouragement for farmers to remain in farming activities, since this would reduce the incentive for rural to urban migration. Land capability maps should be considered for developing rational land utilization for urban expansion since this would allow urban expansion to be directed towards Class III category lands rather than taking place on Class I land.
The basic objective of land use planning is to achieve the optimal balance between competing interests. Naturally, every interest claims that its demand is most important, and one of the first tasks of land use planning is to strike a balance between these various interests. The multipurpose use of land should be taken into consideration wherever possible and no piece of land should be allowed, as far as possible, to remain vacant or as wasteland.
